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1 Introduction
A numberoftheoreticalm odelsoftechnology adoption havebeen proposedwith the
following feature. A ftera production unit adoptsa new technology, not allthe ex-
pertise in the old technology transfersto the new technology and there isa period
oftechnology-speci¯c learning. O ne im plication ofthese theoriesisthat m easured
productivity growth m ay at ¯rst falland then laterrise afteradopting a superior

1technology.
In thispaperwe provide m icro-evidence on the question ofwhetherproductivity

growth ¯rst fallsand laterrisesafterthe adoption ofnew technology embodied in
new equipm ent.W e arem otivatedto addressthisquestion asm icro-evidenceon pro-
ductivity growth iskey forissuesrelatedto aggregateproductivity growth dynam ics.
C onsideranexam ple.G reenwood(1996), H ornstein andKrusell(1996)andG reenwood
andYorukoglu (1997)hypothesizethatan increasein thepaceofembodiedtechnolog-
icalchangeisthecauseoftheaggregateproductivity growth slowdown experiencedby
them ajority oftheadvancedeconom iessincethe1970's.A m icroeconom icm echanism
behind thishypothesisisthat existing production unitsexperience a tem porary fall

2in productivity growth afteradopting new technology embodied in new equipm ent.
A t the aggregate level, productivity growth could tem porarily slow down when an
increasedfraction ofproduction unitsm akesuch investm ents.To evaluatesuch a hy-
pothesisata quantitativelevel, onewouldneedm icro-evidenceon productivitygrowth
dynam icsaftera production unitadoptsnew technology.
To addressthequestion posedabove, we identify theadoption ofa new technology

ata particularproduction unitwith thepurchaseofequipm ent.In particular, wewill
say thatthoseplantsm aking equipm entpurchasesthat increase theirrealequipm ent
stocksby m orethan a criticalfraction are adopting new technology embodiedin new
equipm ent.A numberofrem arksare in orderin regardsto thisassum ption.F irst,
an equipm entpurchase isprecisely them echanism oftechnology adoption em phasized
in theliterature.Second, theevidence in thepapersby D eL ong andSum m ers(1991,
1993)andGreenwoodetal(1997)suggeststhatequipm entinvestm entm aybea quan-

3titatively im portantsource oftechnology adoption. T hird, in plant-leveldata it is
thecase that investm entdisplaysa lum py pattern attheplantlevelwith thebulk of

1Zeckhauser(1968),Parente(1994,1998),K lenow (1998)andYorukoglu(1998)providetheoreticalm odels
with thesefeatures.

2W e em phasize existing production unitssince in the data set that we explore the vast m ajority of
equipm entinvestm entoccursatexisting plantsratherthan atbrand-new plants.G ortandB oddy (1967, p.
398)reporta sim ilar¯nding forthe U S m anufacturing sector.

3D eL ong and Sum m ers(1991, 1993)show thatthe growth rate oflaborproductivity acrosscountries
ishighly positively correlatedwith the fraction ofequipm ent investm ent in G D P.Greenwoodetal(1997)
argue thatthebulk ofpostwarU S growth in laborproductivity can be attributedto technologicalchange
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plantsm aking littleornopurchasesofequipm entin a given yearbutlargepercentage
4changesin the stock ofequipm ent in otheryears. T hus, ourm easure oftechnology

adoption isconsistentwith thenotionthattechnologyadoptionembodiedin equipm ent
occurssom ewhat infrequently attheplantlevel.L astly, we realize thatourm easure
oftechnology adoption isfarfrom perfect. O urreaction to thisistwo-fold. F irst,
even ifthism easureisim perfectwewillstillbeaddressing an interestingquestion (i.e.
D oesproductivity growth fallaftera large equipm entpurchase?).Second, weregard
itasa key issueforfutureresearch to focuson data setsthatpotentially allow oneto
distinguish between equipm entpurchasesre°ecting technology adoption versusthose
re°ecting theacquisition ofm orecapitalofa technology known to theplant.
O urem piricalstrategy isstraightforward.W efocuson a data setofplantsfrom the

C olombian m anufacturingsector.Foreachplant, wecalculatetotalfactorproductivity
(T F P)growth ratesacrosstim eperiods.W e then regresstheproductivity growth of
a planton thecurrentandpastvaluesofourplant-levelm easureoftechnology adop-
tion, controlling forindustry and/ortim e e®ects.W e ¯ndevidencethatproductivity
growth fallswhen a plantm akesa largeequipm entpurchase.M oreprecisely, we¯nd
evidencethatthee®ectofa large increase in a plant'sstock ofequipm entistoreduce
productivity growth by 3to9percentin annualdata.Thefallin productivity growth
is3 percentwhen the criteria fora large equipm ent investm ent is25percent ofthe
equipm entstock, whereasitis9percentwhen thecriteria is100percentoftheequip-
m entstock.W e¯ndnoevidencetosupporttheproposition thata plant'sproductivity
leveleventually risesso asto surpassthe productivity levelexisting before the large
equipm entinvestm ent, aftercorrecting forindustry e®ects.
T hispaperisorganizedin foursections.Section2presentsa numberofbackground

factsaboutthedata set, plant-levelproductivity growth andplant-levelinvestm entin
equipm ent.Section 3presentsourm ain resultsandthen discussesinterpretationsof
theseresultsfrom theperspectiveofa few di®erentm odels.Section 4concludes.

1.1 R elated L iterature
To the bestofourknowledge, there isonly scatteredm icro-evidence bearing on the
question that we address. W e discusswork in three separate areas. F irst, there is
a literature consisting ofcasestudiesby B alo® (1966, 1970), R ussell(1968)andoth-
ersin which plantsfrom the U S m anufacturing sectorhave changedproductsorthe
production processandin which thelevelofproductivity initially fallsandthen later

embodiedin new equipm ent.
4T hisisdocum entedby D omsandD unne(1998)andC ooperetal(1999)using U S data andby O spina

(1994)andIsgut(1996)using C olombian data.In section 2.3ofthispaperwealsoprovideevidenceon this
point.
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rises. T hese studiesare part ofa large literature on learning curves. T he focusof
thisliteraturehasbeen to docum enttheupsideofthelearning curveratherthan any
potentialdownsideaftera switch in technology.Thisistrue, forexample, ofthewell-
known work ofB ahk andG ort(1993)who estim atelearning atnew plantsin the U S

5m anufacturing sector.
Second, thereisa literatureon adjustm entcostsandon¯rm -levelinvestm ent.Parts

ofthese literatureshave been surveyed by C hirinko (1993) and D ixit and Pindyck
(1994).W hilesom eofthem odelspresentedin theseliteraturesarepotentially consis-
tentwith the ¯ndingsofthispaper, the empiricalcom ponentofthese literatureshas
notansweredthe question thatwe pose.W ith thissaid, we are aware ofsom e work
thatissuggestivethat¯rm investm entin physicalcapitalm ay beassociatedwith falls
in productivity.In particular,PakesandG riliches(1984)regress¯rm -level, accounting
prō tson pastinvestm ents.T hey ¯ndthataccounting prō t increasesm orestrongly
to investm entlaggedseveralperiodsthan to m orerecentinvestm ent.
T hird, there isa literatureon inform ation technology andproductivity growth, re-

viewed in partby B rynjolfsson and H itt(1998)andYorukoglu (1998).M uch ofthis
literature focuseson the issue ofwhetherthere isan inform ation technology produc-
tivity paradox. To the best ofourknowledge, existing studieshave not focused on
characterizing fallsin productivity growth atthetim eofan investm entin inform ation
technology. H owever, with thissaid, som e ofthisliterature hasfound evidence for
learning by doing in theyearsafteran investm entin inform ation technology.

2 B ackground Facts

2.1 D escription ofD ata Set
T he C olombian StatisticsD epartm ent(D A N E)conductsan annualsurvey ofplantsin
theC olombian m anufacturingsectorcalledtheE ncuesta A nualM anufacturera.D A N E
surveysall̄ rm slistedin theIndustrydirectory.T hese¯rm sarethenrequiredtoreport
on alltheirplantswith atleast10em ployees.T hedata setcoverstheperiod1974-1991.

6In a typicalyearthedata sethasbetween 6,000and8,000plants.
Foreachplant,data iscollectedon(1)em ploym entandem ployeecompensation, (2)

capitalinputs,(3)interm ediateinput,(4)production and(5)variousotherinform ation.

5See A rgote andEpple (1990), Jovanovic (1997)andG reenwoodandJovanovic (1998)forsurveysofa
numberofdistinctliteraturesrelatedto learning.

6Fora discussion ofthem ethodology ofthe E ncuesta A nualM anufacturera see D A N E (1991).R esearch
based on versionsofthisdata set, som e with and som e without plant identi¯cation numbers, hasbeen
conductedby R obertsandTybout(1996)andIsgut(1996)am ong others.
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Em ploym ent isdivided in six categories:proprietors, m anagerial, professional, blue
collar, techniciansandapprentices.Inform ation on capitalinputsisdivided into ¯ve
categories:buildings, m achinery, o± ceequipm ent, transportequipm entandland.For
each capitalinput there isdata on book value, purchasesofnew and used capital,
own production ofcapital, salesofcapital, depreciation andrevaluation.T hedata on
book valuesfora particularyearareend-of-periodvalues.A n im portantfeatureofthe
data set isthat D A N E assignseach plant a plant identi¯cation number.T hus, it is
possibletotrack individualplantsovertim e.T hism eansthata plant-speci¯cm easure
ofproductivity growth can becalculated.
O uranalysisfocuseson thecollection ofplantspresentin allyearsofthedata set

7thatarenotexcludedby any ofthefollowingtwocriteria. F irst, weexcludeanyplant
forwhich any ofthe data needed to calculate T FP growth ratesare m issing. T his
data includesem ploym ent and em ployee com pensation foreach type oflaborinput,
book valueofcapitalforthe¯rstyeara plantappearsin thedata, investm entdata for
each type ofcapitalinput, interm ediate inputconsum ption andgrossproduction.In
addition, werequirestrictly positivevaluesforgrossproduction, value added, capital
services, interm ediate input, totalem ploym ent, totalcom pensation andtherealvalue
ofthestock ofm achines.Second, weexcludeplantsforwhich eithertheplantidenti-
¯cation numberism issing orrepeatedorforwhich the industry classi¯cation code is
m issing.A fterapplying theaboveexclusion criteria, therearea totalof2125plantsin
ourdata seteach yearand31875totalobservationson plantsovertheyears1976¡90.
In any yearofthedata abouthalfoftheseplantshavelessthan 50employees, whereas
about5percentoftheplantshave500orm oreem ployees.

2.2 Productivity G rowth Facts
T hissection characterizessom efeaturesofthedistribution oftotalfactorproductivity
(T F P)growth rates.T he m easurem entofT F P growth ratesisdescribed in detailin
A ppendixA .1-A .2.F igure1plotsthedistribution ofT F P growth ratesin each year
overtheperiod1976-90.F igure1showsthatin each year(i)them edian T F Pgrowth
rate isclose to zero and typically positive, (ii)the T F P growth rate distribution is
roughly sym m etric with the vast m ajority ofthe plantshaving a T F P growth rate
between 40and¡40percentagepointsand(iii)a sm allpercentageofplants(typically
lessthan one percent) have a T FP growth rate eithergreaterthan 100percent or
sm allerthan ¡100percent.T hislast¯nding isrepresentedin F igure1by plotting all

7W e focuson thebalancedpanelin orderto m inim ize on m easurem enterrorin the calculation ofT F P
growth rates.W econjecturethatplantsthatpartially shutdown in a given yearoccurlessfrequently in the
balancedthan in theunbalancedpanel.
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plantswith a growth rate oflessthan ¡100percentat¡1andallthe plantswith a
8growth rateexceeding 100percentat1.

W e now com m ent on a numberofotherfeaturesofproductivity growth ratesin
F igure1.F irst, thevariabilityofT FPgrowthratesissubstantiallygreaterattheplant
levelthan what isobserved in m orehighly aggregateddata (e.g.industry orsectoral
data).Forexam ple, T F P growth ratesare typically between 0and10percentwhen
T FPgrowth ratesarecalculatedforthe C olombian m anufacturingsectoroverthepe-
riod1976-90using aggregate m easuresofoutputs, inputsandfactorshares.Second,
although intuitively im plausible, a straightforward application ofSolow'sgrowth ac-
countingequation can produceT FPgrowthratessm allerthan ¡100percent.Thiscan
occurwhen inputgrowth ratesare large andpositive andwhen outputgrowth rates
are notquiteso large.W e have exam ineda numberofthe casesofextrem e negative
T FP growth ratesand have found that in these casesoutput increasedby a couple
ofhundredpercentage pointswhereasinterm ediate input increased at much greater

9rates. T he statisticalm ethodsemployed in subsequent sectionsofthispaperhave
been selectedwith theseextrem eobservationsin m ind.

InsertF igure1H ere

2.3 Equipm entInvestm entFacts
W enow docum entthedistribution ofplantsby realequipm entpurchasesasa fraction
ofthe realequipm entstock. O urm easure ofequipm ent consistsonly ofm achinery
and thusdoesnot include investm ent in o± ce equipm ent, transport equipm ent or
structures.Investm entin m achinery isby farthelargestcom ponentofinvestm entin
physicalcapital. In particular, in allyearsm achinery investm ent isbetween 70and
80percent ofthe combined value ofthe investm ent in m achinery, o± ce equipm ent,
transportequipm entandstructures.
F igure2exam inesthedistribution ofequipm entinvestm entin thebalancedpanel.

W e ¯ndthatthedistribution ofplantsby equipm ent investm entasa fraction ofthe
equipm entstock issim ilaracrossyears.In a given yearabout30percentoftheplants
m akenopurchasesofequipm entandapproxim ately another30percentm akepurchases
oflessthan10percentofthevalueoftheirequipm entstock.D uetodepreciation, these
plantswillnotexpandtheirrealequipm entstocks.T helastpointthatF igure2m akes

8T hem axim um T F Pgrowth rate is60(6000percent)andthem inim um is¡287(¡28700percent).
9O utput ism easuredby grossproduction which m easuresboth the valueof¯nishedgoodsproducedas

wellaschangesin thevalueofgoodsin theprocessofproduction.T hus, theextrem enegativeT F Pgrowth
ratesarenotdueto notm easuring goodsin theprocessofproduction.

6



isthatin anygiven year5to15percentoftheplantsm akepurchasesthatincreasetheir
equipm entstockby50percentorm oreand2to6percentoftheplantsm akeequipm ent

10purchasesthatm orethan doubletheirequipm entstock. In latersectionswewillsay
thatplantsm aking an equipm entinvestm entwhich increasestherealequipm entstock
by 25;50or100percentareadopting new technology embodiedin equipm ent.

InsertF igure2H ere

In the introduction weclaim edthatcontinuingplants(i.e.already existingplants)
accountforthebulk ofthe aggregate equipm entinvestm entin the C olombian m anu-
facturingsector.F igure3providessom eevidenceon thispoint.H erewedē nea plant
in thedata setin a speci¯cyeartto be a continuing plantifitwasin thedata setin
yeart¡ 1.O therwise a plantin a speci¯c yeartisconsideredto be an entering (i.e.

11new)plant. C learly, thisdē nition m ay understate investm entatcontinuing plants
asone could im agine dē ning a plant to be continuing if it were in the data set in
any previousyear.N evertheless, using thisdē nition, F igure3showsthaton average
over90percentofinvestm entin m achinery orin thesum ofalltypesofreproducible

12physicalcapitaloccursatcontinuing plants.

InsertF igure3H ere

3 R esults
F irst, evidence issetoutthatbearson the question ofwhetherthe e®ectofa large
equipm ent investm ent isto decrease m easuredproductivity growth.Second, several
theoriesof investm ent and productivity growth are presented to help interpret our
¯ndings.

10See C ooperetal(1995)forsim ilarbutlessdram aticresultsfortheirsam ple oflargeplantsin the U S
m anufacturing sector.See O spina (1997)andIsgut(1997)fora m oredetailedanalysisoflum py investm ent
in C olombia.T heuppertailin F igure2isvery long with a very sm allfraction ofplantsm aking equipm ent
investm entsthatincreasetheirequipm entstocksby m orethan a factorof100.
11U sing thisdē nition, overninety percentoftheplantsin any given yeararecontinuing plants.
12In 1982continuing plantsaccountedfor76 percentofallinvestm ent.T hebulk ofthisdropisdueto a

very large investm entatone new plant in a capital-intensive industry.T hisdoesnotappearto bedue to
any obviousrecording orreporting error.
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3.1 Productivity D ynam ics
O urapproach todeterm iningwhethera largeequipm entinvestm entactstocontem po-
raneously decreaseproductivity growth isto estim atetheparam etersin equation (1).

i iIn equation (1)the variablesy , z and D are respectively the productivity growthijt t
rate, thetechnology adoption decision ofplantiattim etandan industrydum myvari-

i iable.T hevariablez takesthevalue1iftheinvestm entx ofplantiattim etexceedst t
ia criticalfractionxofitsequipm entstock attim et(i.e.x ¸ x)and0otherwise.T het

13variable D takesthe value1ifplantiisin industry j and0otherwise. Equationij P
(1)statesthatproductivity growth istheresultofan industry e®ect( ® D )plusj ijjP ithee®ectofcurrentandpasttechnology adoption decisions( ¯ z )plusan errorkk t¡k

iterm (²).t

KX X
i i iy = ® D + ¯ z + ² (1)j ij kt t¡k t

j k=0

W e estim ate the param etersin equation (1)by m inim izing the sum ofabsolute
errors(i.e. by least absolute deviation (L A D )).W e note that when the errorterm
hasfattertailsthan thenorm aldistribution thestatisticsandeconom etricsliteratures
havestressedthattherearenon-linearestim atorssuch asthe L A D estim atorthatcan

14havesubstantially lowervariance than the ordinary leastsquaresestim ator. Stated
di®erently, theL A D estim atorisnotassensitiveastheordinaryleastsquaresestim ator
to thepresenceofa sm allfraction ofextrem eobservationson thedependentvariable.
Previously, thediscussion relatedto F igure1highlightedthe factthatm easuredpro-
ductivity growth ratestakeon extrem evaluesfora sm allfraction oftheplantsin our
sample.T hese extrem e observationslead the distribution ofthe errorterm to di®er
sharply from thenorm aldistribution.
T he benchm ark resultsare listed in Table 1.T he estim atesofthe param eter 0̄

in Table1describethee®ectofa largeequipm entinvestm enton currentproductivity
growth.T heresultsindicatethatthee®ectofa largeequipm entinvestm entistoreduce
plant-levelproductivity growth by 3 to 9percent.The fallin productivity growth is
largerforlargervaluesofthecriticalfraction xofinvestm entto theequipm entstock

13O urindustry dum m iesareatthethree-digitlevel.T hereare29such industriesin thedata set.
14See K oenkerand B assett(1978)andthelargeliteratureson robustestim ation andquantileregression.

K oenkerandB assettprovideconditionsunderwhich quantileestim ators, ofwhich the L A D estim atorisan
exam ple, areasym ptoticallyunbiasedandnorm allydistributed.K eyconditionsforthisresultarethaterrors
areindependentandthattheerrorshavepositivedensity atthedesiredquantile.W eusetheS-Plusprogram
rq to calculatepointestim atesandstandarderrors.T hisprogram im plem entstheproceduresdescribedin
K oenkerandD 'O rey (1987)andK oenker(1994).
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usedto dē nea largeequipm entinvestm ent.T hesepointestim atesaredi®erentfrom
15zero attheonepercentsigni¯cancelevel.

InsertTable1H ere

Table1also reportstheregression resultsforthee®ectoflarge investm entsin the
paston currentproductivitygrowth.T hepointestim atesfortheparam eter̄ indicate1
thatthee®ectofa largeequipm entinvestm entoneyearinthepastistodecreasecurrent
productivity growth by 2to 5percent.T hese estim atesare allsigni¯cantly di®erent
from zeroattheonepercentlevel.T heparam eterestim atesforlaglengthslongerthan
a yeararesm allerin absolute value than the one yearlaggede®ectandare typically
negative.T heseestim atesareoften notsigni¯cantly di®erentfrom zero.

3.1.1 Two R obustnessC hecks

W e focuson two questions:(1)D o the ¯ndingsin Table 1hold within speci¯c in-
dustries? and (2) A re the ¯ndingsin Table 1sensitive to plausible m agnitudesof
unm easuredquality im provem entsin equipm ent?

Industry R esults

To addressthe ¯rstquestion, we exam ine the fourlargest industriesin the balanced
panelasm easuredbythenumberofplantsin thatindustry.Foreachoftheseindustries
weestim ateby leastabsolutedeviationsthee®ectofa largeequipm entinvestm enton
productivity growth, controlling foryeare®ectsby m eansoftim edum m ies, D .T heit
fourlargestindustriesbySIC codeareFood(311),A pparel(322), O therC hem ical(352)
andM etalProducts(381).T he¯ndingslistedin Table2areconsistentwith those in
Table1in thatthepointestim atesforthe e®ectofa large equipm entinvestm enton
currentproductivity growth isnegativeandin thatthem agnitudesofthesee®ectsare
generally sim ilarto those listed in Table 1.The standarderrorsofthe estim atesin
Table 2are largerthan those in Table 1due to the sm allernumberofobservations.
W e conclude thatthe resultsin Table 1tend to holdwithin industriesandthusthe
processofpooling thedata doesnotproduceresultsthatare notfound in individual
industries.

InsertTable2H ere
15O rdinaryleastsquaresregressionson thedata setsusedin Table1alsoproducenegativepointestim ates

ofthe contem poraneouse®ectofa large investm enton productivity growth thataresigni¯cantly di®erent
from zero attheonepercentlevel.T heestim atesoflaggede®ectsarenotsigni¯cantly di®erentfrom zero.
T hesepointestim atesforthecontemporaneouse®ectarelargerin absolutevaluethan thecom parableL A D
estim atesbuthavesubstantially largerstandarderrors.T hese ¯ndingsarerobustto elim inating industry
dum m iesorto allowing industry dum m iestobetim evarying.
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Q uality Im provem entR esults

To addressthesecondquestion, wenotethattheinvestm entpriceindexforequipm ent
in C olombia m akesnoattem pttoadjustforquality im provem ents.Substantialquality
im provem entsin equipm ent have been docum ented by G ordon (1990). To exam ine
the sensitivity to unm easuredquality im provem ents, the equipm entcapitalforeach
plant in the data set isadjusted forquality im provem entsasfollows. L et q indext
the quality levelofinvestm ent in periodtequipm ent.T he old m easure K and thet

^new m easure K ofequipm entcapitalstocksare calculated from the old m easure oft
realinvestm ent I using theperpetualinventory m ethod:K = K (1¡ ±)+ I andt t+1 t t
^ ^K = K (1¡ ±)+ I q. A llotheraspectsofthe T FP growth calculationsare ast+1 t t t
describedin theA ppendix.
T he seriesforunm easured quality im provem entsq isbased on work by G ordont

(1990, Table 12.2). H e calculatesthat hisquality-adjusted m easure ofthe price of
producer'sdurableequipm entgrowson average3percentslowerovertheperiod1947-
83than thestandardU S priceseriesthat, likethe C olombian series, doesnotattem pt
to adjustforquality im provem ents.T hus, we assum e thatq growsat3percentpert
year.G ordon'swork isbasedon U S ratherthe C olombian data.Forthisreason, the
¯ndingson thispointshouldbeviewedasbeingprovisionalandasprovidingpotential
m agnitudesofthee®ectsofunm easuredquality im provem entson ourresults.
T he resultsin Table 3 show that the m ain ¯ndingsfrom Table 1 are robust to

plausiblem agnitudesofunm easuredquality im provem entsin equipm ent.Inparticular,
thecontem poraneouse®ectofa largeequipm entpurchase isto decreaseproductivity
growth.Thesepointestim atesaresigni¯cantly di®erentfrom zero attheonepercent
levelandthem agnitudeofthefallin productivity growth isslightly largerin absolute
valuethan thecom parableestim atesin Table1.

InsertTable3H ere

3.2 M odelsofInvestm entand Productivity G rowth
T heresultsfrom theprevioussection callfora m odelwhich explainswhy equipm ent
investm entattheplantlevelisusuallysm allbutissom etim esverylargeaswellaswhy
plantswith large equipm ent investm entshave lowerproductivity growth than plants
in thesam eindustry m akingno investm ent.A sim plem odelin which theoutputY oft
anyplantwithin an industry isgivenbya constantreturnstoscaleproduction function
Y = AF (X ), where X isan inputvectorandA isan industry-speci¯c technologyt t t t t
level, cannotproducetheseresults.In particular, in such a m odelproductivity growth
ofany plantisgiven by the industry-speci¯cgrowth in technology ¢A=A.T hus, this
m odelpredictsthat the regression coe± cient ¯ in Table 1 isprecisely equalto 00
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since plantsm aking large equipm ent investm entshave the sam e productivity growth
asplantsnotm aking such investm ents.
T hreespeci¯cm odelsaredescribedbelow which explain why investm entislum py

andwhy productivity growth isloweratplantsm aking large equipm entinvestm ents.
B efore presenting these m odels, we describe two m easurem ent errorstoriesthat we
do notthink aredriving theresultsin Table1.F irst, onepossibility isthatwe have
m ism easuredthecapitalinputsincethe investm entprice indicesm ake no attem ptto
accountforquality im provem entin equipm entthatisduetotechnicalchangeembodied
in new equipm ent. Previously, Table 3 exam ined the sensitivity ofthe benchm ark
resultsforplausible m agnitudesofunm easuredquality im provem ents. T he ¯ndings
were thatthe e®ectofa large equipm ent investm enton currentproductivity growth
continuetobenegative.Second, anotherpossibility isthatthereare in reality several
industrieswithin our4-digitindustry classi¯cations.In thiscaseoutputgrowth willbe
m ism easuredwhen trueoutputpriceshaveheterogeneousgrowth rateswithin a 4-digit
industry.Following the line ofargum ent in A ppendix A .3, thistype ofm easurem ent
errorislikely to biastheparam eterestim atesof¯ in Table1upwardnotdownward.0
T hus,thistypeofm easurem enterrorseem slikelytofurtherstrengthenthecaseagainst
thesim plem odeldescribedabove.

Technology A doption

Zeckhauser(1968)andParente(1994, 1998)positthatan im m ortalcraftsm an period-
ically adoptssuperiortechnology.A version oftheirm odelispresentedbelow, where
(Y;X ;A;Z)denoteoutput, an inputvector, a ¯rm -speci¯ctechnology leveland¯rm -
speci¯c expertise with the currenttechnology.T he function F isconstantreturnsto
scale.W hen thecraftsm an adoptsa superiortechnology(higherA)twothingshappen:
¯rstthereisan im m ediatefallin expertiseZ asnotallthepreviousexpertisetransfers
to the new technology andsecondZ laterincreasesovertim edueto learning aslong
asthe craftsm an sticksto technology A. T hisstory can easily be m odi¯ed so that
adopting a technology involvesa purchaseofcapitalspeci¯cto thattechnology.

Y = AZ F (X )t t t t

M achine R eplacem ent

R ecently them achinereplacem entproblem (C ooley etal1997andC ooperetal1999)
hasbeen advancedasan explanation ofplant-levelinvestm entpatternsandoflum py
investm ent in particular. A version ofthe m odelpresented by C ooperet al(1999),
which emphasizesequipm ent investm entatexisting plants, ispresentedbelow.H ere
(Y;X ;A;Z)denoteoutput, an inputvector, an industry-speci¯ctechnology shock and
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a plant-speci¯c adjustm ent costrelated to m achine replacem ent.T he function F is
constantreturnsto scale.In periodswhere a m achine isreplacedZ < 1, whereasint
periodswithouta m achinereplacem entZ = 1.t

Y = AZ F (X )t t t t

StochasticD epreciation

Im agine that the m achinery at a plant issubject to stochastic (i.e. \light bulb")
16depreciation. Forsim plicity, suppose that allplantshave precisely one m achine

which isessentialforproduction.T hem achineworksperfectly upto thepointwhere
itdieswithoutthe possibility ofrepair.T he tim e ofdeath ofa m achine israndom.
T heproduction function fora plantisgiven below, where(Y;X ;A)denoteoutput, an
input vectorand an industry-speci¯c technology shock. T he function F isconstant
returnsto scale. T hism odelisthe sam e asthe m achine-replacem ent m odelexcept
thatthere isstochastic depreciation andthere isno adjustm entcostassociatedwith
m achinereplacem ent.

Y = AF (X )t t t

3.2.1 Productivity G rowth Im plications

W hat are the totalfactorproductivity growth im plicationsofthese three m odels?
F irst, focuson the technology-adoption m odel. Following the Solow (1957)growth
accountingcalculation describedin A ppendixA .1, totalfactorproductivity growth for
a plant is(¢AZ +A¢ Z)=AZ.T hus, totalfactorproductivity growth (i)could fall
aftera switch in technology when thefallin expertise(¢ Z < 0)issu± ciently greatto
o®setthe technology im provem ent(¢A> 0)and(ii)risesthereafterdue to learning
(¢Z > 0)aslong asthetechnology rem ainsthesam e.In term softheresultsin Table
1, thetechnology-adoption m odelisconsistentwith ¯ < 0and¯ ;:::;̄ > 0.0 1 K
In the m achine-replacem entm odel, totalfactorproductivity growth fora plant is

alsogiven by(¢AZ+A¢ Z)=AZ.T hus, productivity growth within an industry forall
plantsm aking no m achinereplacem entsin two consecutiveperiodsequalstheam ount
oftechnologicalchange ¢A=Aatthe industry level.Plantsreplacing m achineshave
lowerproductivity growth than plantsnotreplacing m achinesdueto theproportional
adjustm entcost¢Z < 0.O neperiodafterreplacem ent, productivity growth ishigher
than forplantsm aking noreplacem entin thelasttwoperiodsas¢ Z > 0.In term sof

16A refereesuggestedthata discussion ofthism odelm ightbehelpful.
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theresultsofTable1, them achine-replacem entm odelim pliesthat¯ < 0;̄ > 0and0 1
¯ ;:::;̄ = 0, when a m odelperiodcorrespondsto a year.2 K
In thestochastic-depreciation m odel, absentany errorsin m easuring outputsand

inputs, totalfactorproductivity growth is¢A=Aforallplantsin a given industry.
In term softhe resultsofTable 1, thism odelim pliesthat¯ = ¯ = :::= ¯ = 00 1 K
sinceplantswith andwithoutlarge equipm entinvestm entshavethesam eproductiv-
ity growth afteraccounting forindustry e®ects. T hus, with no m easurem ent error
thism odelisnotconsistentwith theevidencepresented.T hisconclusion needsto be
reconsideredwhen one calculatescapitalinputwith the proceduresdescribed in A p-
pendixA .1-A .2.T hecalculation ofthecapitalinputassum esthatcapitaldepreciates
at a constant rate. T hiswasm ade asthere isno satisfactory inform ation on true
depreciation in thedata set.W hatarethe im plicationsofthestochasticdepreciation
m odel? T hem odelhasthefeaturethatcapitalinputisalwaysconstantandthusthe
growth ofcapitalinput iszero. The constantdepreciation assum ption then im plies
thatm easuredgrowth in thecapitalinputisoverestim atedwhen a m achineisreplaced
andunderestim atedby exactly therateofdepreciation atallothertim es.Ifthiswere
the only consequence ofthism easurem ent errorproblem , then productivity growth
wouldbeunderestim atedfora particularplantwhen m achinesarereplacedandover-
estim atedby thedepreciation ratetim esthecostshareofthecapitalinputotherwise.
U nderthisassum ption, the m odelim pliesthat in a regression analysis¯ < 0and0
¯ = :::= ¯ = 0.1 K
T he analysisin thepreviousparagraph isnotquite correct.T heproblem isthat,

given the proceduresin the A ppendix which im pute cost sharesusing the data on
capitalstocks, errorsin m easuring the capitalstock lead to errorsin m easuring the
shareofeach factorinputin totalcostofproduction.In particular, them easuredcost
sharesfora particularplantwillhaveerrorsthatdependon a plant'shistoryofm achine
replacem ent.A consequenceofthisisthatitisnota sim plem attertodeterm inewhat
restrictionsthestochastic-depreciation m odelo®erson thesignsoftheparam etersin
Table1.

3.2.2 D iscussion

T hethreem odelsofplant-levelproductivity growth justreviewedallseem capableof
producing fallsin productivity growth associated with large equipm ent investm ents.
T hus, toseparatethesem odelsusingthe¯ndingsin Tables1-3willinvolveusing infor-
m ation on theresponseofcurrentproductivity growth tolargeequipm entinvestm ents
occurring in the past.A tface value, the resultsin Tables1-3 allstate that a large
investm ent one yearin the past reducescurrentproductivity growth (i.e. ¯ < 0).1
T hus, one m ightbe tem ptedto conclude thaton thisbasisthe evidencepresented is
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strongly againstboth the technology-adoption andm achine-replacem entm odels.W e
17prefertostressa di®erentaspectoftheevidencein Tables1-3. In particular, theev-

idence in Tables1-3providenosupportfortheproposition thata plant'sproductivity
leveleventually risessoastoequalorsurpasstheproductivity levelexistingbeforethe
largeequipm entinvestm ent, aftercorrecting forindustry e®ects.Productivity dynam -
icswith thisfeaturearewhatonewouldexpectto¯ndifeitherthetechnology-adoption
orm achine-replacem entm odelwereproducing thedata.

4 C onclusion
T he m ain ¯ndingsofthe paperare asfollows:(1) O urbest estim ate isthat the
contem poraneouse®ectofa largeequipm entinvestm entisto decrease a plant'stotal
factorproductivity growth by 3 to 9percent in annualdata.T hisdecrease islarger
forlargercriticalvaluesforwhatconstitutesa large equipm ent investm ent.(2)T his
¯ndingholdswithin industriesandisrobusttoplausibleam ountsofunm easuredquality
im provem entsin equipm ent. (3)T he bulk ofinvestm ent in eitherequipm ent orall
reproduciblephysicalcapitaloccursatexisting plantsratherthan atnew plants.
W e attach the following signi¯cance to these ¯ndings.F irst, the ¯ndingsare in-

consistentwith m odelswhere allplantswithin an industry are a®ectedby a com m on
disembodiedtechnologyshock and/orby technologicalim provem entsembodiedin new
equipm ent.Second, iflargeequipm entinvestm entscoincidewith theadoption ofnew
technology embodied in new equipm ent, then the¯ndingsim ply thatthe adoption of
new technology contem poraneously reducestotalfactorproductivity growth.T hird,
webelieve thatthe ¯nding thatthebulk ofequipm ent investm entoccursatexisting
plantshasim plicationsforfuturework.T his¯ndingsuggeststhattheliteraturewhich
attem ptsto quantify the im plicationsofm icroeconom ic m odelsofequipm ent invest-

17O nereason fornotem phasizingthesign oftheparam eterestim atefor¯ hastodowith how thegrowth1
rateofcapitalservicesism easured.C apitalservices, unlikeoutputandallotherinputs, cannotbecalculated
directly from expendituredata.Instead, capitalservicesare im putedfrom data on capitalstocksunderthe
assumption thatcapitalservicesfora particulartypeofcapitalareproportionaltothecapitalstock in usein
theperiod.O urbestm easureofcapitalin use isthe average ofbeginning andend-of-periodcapitalstocks.
T hus, when thereisa large, one-tim eincreasein thecapitalstock in yeart, ourprocedureim pliesthatthere
isa largegrowth rate ofcapitalservicesboth in yeartandt+ 1.T hisprocedureseem sappropriatewhen
the increase occursin the m iddle ofthe year, butleadsto obviousbiaswhen the increase occursearly or
late in theyear.W econjecturethatthism easurem entproblem m ay bebehindthenegativepointestim ates
for¯ in Tables1-3.T hisseem splausiblesincewe¯ndthatpointestim atesfor¯ areabout:01ifonewere1 1
to taketheextrem eposition thattheend-of-periodcapitalstock isthem ostappropriatem easureofcapital
in use.Such a m easure also im pliesthatpointestim atesfor¯ areeven m orenegative than thosereported0
in Table1.
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m ent foraggregate productivity growth issuesshould concentrate on m odelswhere
equipm entinvestm entoccursnotonly atnew plantsbutalso atexisting plants.
W e m ention two directionsto explore in future work.F irst, what isthe e®ecton

productivity growth ofequipm entpurchasesthatre°ect technology adoption versus
thosethatm erely re°ecttheacquisition ofm orecapitalofa technology known to the
plant? T hisisa key question.To addressthisquestion a data setthatallowssuch a
distinction to be m easured isneeded.D om set al(1997)describe a data setthat is
potentially prom ising in thisregard.Second, itwouldbe usefulto see ifthe ¯ndings
presentedherearecon¯rm edin data setsforothercountriesandtim eperiods.
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A A ppendix

A .1 M easuring Productivity G rowth R ates
Following Solow (1957), we assum e that at each point in tim e a plant operatesa
constant returnsto scale production function Y = F (X ;t)and thatplantsbehavet t
com petitively.In thisform ulation, plantsproduce Y unitsofoutputusing a vectoroft
inputsX .U nderthe assum ptionsstatedabove, Solow derivedthe following growtht
accountingequation forcalculatingwhatisnow calledtotalfactorproductivitygrowth

18_F =F . T heequation statesthatattim ettherateofshiftoftheproduction function
_F =F at the current input vectorequalsoutput growth lessa weighted average of

nthe growth ratesofthe factorinputs. W eightsare output elasticities(i.e. ! =
nF X =F ).Solow calculatesthese weightsusing factorsharesofoutput, whereaswen

use costshares.T he costshare approach requiresonly com petition in inputm arkets
ratherthan competition in inputandoutputm arkets(see H all(1991)).

X
n n n_ _ _F =F = Y =Y ¡ ! X =Xt t t t t

n

To calculate productivity growth at the plant levelwe ¯rst approxim ate growth
rateswith yearly growth ratesasindicatedbelow:

X: n n n_F =F = ¢ Y =Y ¡ ! ¢ X =Xt t¡1 t t t¡1
n

N ext, wedescribem easurem ent.W em easureY by thevalueofnom inalgrosspro-
19duction m easuredin thedata setdividedby theindustry-speci¯coutputprice index.

W e m easure three separate factorinputs:labor, capitaland interm ediate input.W e
m easuretherealvalueofinterm ediateinputbythenom inalvalueofinterm ediateinput
m easuredin thedata setdividedby theprice indexforinterm ediate input.A swedo
nothavea priceseriesforinterm ediateinputweusetheG D Pde°atorforthispurpose.
O urm easureoflaborinput L ata particularplantattim etistheweightedsumt Pj j jofthenumberofem ployeesL oftypej atthatplantattim et:L = w L .T hett j t t

weightsarechosensoastom easurethee± ciencyoflaborinputtypejattheparticular
jplantattim et.T hus, w isthetotalcompensation pertypejworkerattheparticulart

plantattim etdividedby theaveragecom pensation pertype1workerin theeconom y
at tim e t. W e choose blue collarworkersto be type 1workers. W e note that this

18A dotovera variabledenotesa tim ederivative.
19W ede°atewith four-digitoutputde°ators.W ehave51distinctfour-digitde°ators.In som eyearsfour

ofthesede°atorshavea zeropricechange.A sweregardthisassuspect, fortheseindustrieswesettheprice
changeequalto thatoftheG D Pde°atorin yearswherenopricechange isreported.
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way ofm easuring laborinputallowsforplant-speci¯c variation in the weightofeach
workertype while ¯xing the weightoftype1workersin the entire economy atvalue
of1each year.Thisallowsfordi®erencesin labore± ciency ofdi®erentworkertypes
acrossplantsarising from (i)di®erencesin hoursworkedor(ii)di®erencesin hum an
capital.
W em easuretotalcapitalservicesK S ata particularplantattim etasthesum oft P j jthecapitalservicesofeach typeofcapital:K S = :5[K +K ](± +r).T hisisthet jj t t+1

standardway thatcapitalservicesisconstructedfrom an underlying m easure ofthe
jrealcapitalstock ofeach capitaltype K (seeG rilichesandJorgenson (1968)).N otet

thatweusetheaverageoftherealvalueofthecapitalstock atthebeginningofperiod
tandperiodt+ 1in orderto calculatethem easureofthecapitalstock m ostrelevant
forcom putingcapitalservicesduringperiodt.W ecan distinguish ¯vetypesofcapital
in ourdata set:structures, equipm ent, o± ce equipm ent, transportation equipm ent

jandland.W e indicatehow wecalculateK in A ppendixA .2.W esettheinterestratet
atr= :05andthedepreciation rates(±)ofstructures, m achinery, o± ce equipm ent,j
transport equipm ent and land at(4:61;12:56;13:32;18:92;0).W ith the exception of
landwhich wehaveassum eddoesnotdepreciate, theseestim atescom efrom thework
ofPombo (1998, Table3.1)forthe C olombian m anufacturing sector.

nW e m easure the weights! asthe average share of input n in totalcostsofat
particularplant in periodt¡ 1andt.A swe observe the nom inalcostofallinputs
exceptcapitalservices, som e assum ption needsto be m ade to calculate costshares.
W econstructa com m on nom inalpriceofcapitalserviceseach yearsothatatthisprice
thenom inalvalueofgrossproduction in a given yearforallplantsequalsthenom inal
value ofallinput costsforallplants. T hisam ountsto assum ing that there are no
aggregateprō tseach yearfortheentirem anufacturing sector.
Following theproceduresdescribedabove, we calculate productivity growth rates

foreach yearstarting from 1976.T he ¯rstyearis1976 because the m easure ofthe
capitalstock, described in A ppendix A .2, can ¯rstbe calculatedatthe beginning of
1975.T hisisdueto thefactthatthe1974data on book value ofcapitalareend-of-
periodvalues.

A .2 M easuring the R ealV alueofC apital
O urprocedure forcreating a seriesforeach plantm easuring therealvalue oftype j
capitalstock atthebeginning oftheperiodissum m arizedin two equations:

j j j1.F irstYearin Sam ple:K = BV =pt t t
j j j j j j j2.SubsequentYears:K = K (1¡ ±)+ (PN +PU + O P ¡ S )=pjt t t t t tt+1

K -realbeginning ofperiodvalueofcapitalt

17



BV -beginning ofperiodbook valuet
PN -purchasesofnew capitalt
PU -purchasesofusedcapitalt
O P -own production ofcapitalt
S -salesofcapitalt
± -depreciation rateoftypejcapitalj
jp - Investm entpricede°atoroftypejcapitalt

W ehavepricede°atorsforstructures, equipm ent(m achinesando± ceequipm ent)
andtransportequipm ent.T heG D Pde°atorisusedtode°ateland.D epreciation rates
aresetatthevaluescalculatedby Pombo (1998).

A .3 O m itted V ariable B ias-A n Exam ple
W e show how m ism easuredoutputpricescan biasupwardsthe estim atede®ectofa
large investm enton productivity growth.
Step1:

__ ^ ^L etA=AandA=Adenotetrueandm easuredproductivity growth when thegrowth
__ ^ ^rate ofgrossproduction ism easuredcorrectly Y =Y and incorrectly Y =Y .From A p-

pendixA .1wehavethefollowing:

X
n n n_ _ _A=A´ Y =Y ¡ ! X =X

n
X_ _ n n n^ ^ ^ ^ _A=A´ Y =Y ¡ ! X =X
n

W hen (i)(p;̂p)denote di®erentprice indices, (ii)G P denotesnom inalgrosspro-
^duction and(iii)Y = G P=pandY = G P=p̂, then thesem easuresarerelatedasin the
_̂ ^ _¯rstequation below.N ow lety = A=A, letA=Abe a linearfunction ofz asposited

__in section 3 ofthe paper(i.e.A=A= ®+ ¯z)andletw = (_p=p¡ p̂=̂p).T hesecond
equation below then followsfrom the¯rst.

_̂ ^ _ _A=A= A=A+ (_p=p¡ p̂=p̂)

y= ®+ ¯z+ °w

Step2:
iL etproductivitygrowthy , technologyadoption(i.e.a largeequipm entinvestm ent)t

i i i i i iz andan om ittedvariablew berelatedasfollows:y = ®+¯z +°w +².T heleastt t t t t t
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isquaresestim ate of¯ when w isom itted isgiven by ¯ below (see Greene 1993, p.1t
247):

¯ ´ C ov(y;z)=V ar(z)= ¯+ °C ov(w;z)=V ar(z)1

C learly, theestim ateisbiasedupwardswhen °> 0andC ov(w;z)> 0.Since°= 1
i ifrom step1, the positive biasrestson the covariance between w andz.A positivet t

covariance seem sa plausible conjecture given the notion thatbig investm entscovary
m orestronglywith truegrowth in industrypricethan with growth in a 4-digitm easure
ofoutputprices.
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Table1:B enchm ark R esultsP P Ki i iy = ® D + ¯ z + ²j ij kt tj k=0 t¡k

Independent N umberof
V ariable ¯ ¯ ¯ ¯ ¯ O bservations0 1 2 3 4
i

iz ´ 1 -.037* 31875fx¸:25gt t

(.002)
-.034* -.028* 31875
(.002) (.003)
-.034* -.028* -.004 29750
(.002) (.002) (.002)
-.037* -.029* -.008* -.001 27625
(.002) (.003) (.003) (.002)
-.037* -.029* -.009* -.003 .004 25500
(.003) (.003) (.003) (.003) (.002)

iz ´ 1 i -.054* 31875fx¸:50gt t

(.003)
-.052* -.041* 31875
(.004) (.003)
-.053* -.039* -.006 29750
(.003) (.003) (.003)
-.056* -.041* -.010* -.005 27625
(.003) (.003) (.003) (.003)
-.056* -.041* -.013* -.006 .001 25500
(.004) (.004) (.003) (.003) (.003)

iz ´ 1 i -.087* 31875t fx¸1:0gt

(.005)
-.086* -.057* 31875
(.006) (.005)
-.086* -.054* -.012* 29750
(.006) (.006) (.004)
-.091* -.056* -.016* -.005 27625
(.006) (.007) (.004) (.004)
-.095* -.055* -.020* -.008 .000 25500
(.006) (.006) (.005) (.005) (.004)

standarderrorsare indicatedin parenthesis
*indicatesthatcoe± cientissigni¯cantly di®erentfrom 0atthe1percentlevel
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Table2:Industry R esultsP P Ki i iy = ® D + ¯ z + ²t it kt tt k=0 t¡k

Independent N umberof
V ariable Industry ¯ ¯ ¯ ¯ ¯ O bservations0 1 2 3 4
i

iz ´ 1 311 -.033* -.014 -.005 -.009 .003 4020fx¸:25gt t

(.005) (.005) (.005) (.005) (.005)
322 -.031* -.007 -.004 .003 .001 1764

(.008) (.007) (.006) (.008) (.008)
352 -.010 -.021 -.014 .008 -.001 1860

(.010) (.015) (.011) (.013) (.010)
381 -.026* -.012 -.011 -.003 -.007 2208

(.008) (.007) (.009) (.009) (.007)
i

iz ´ 1 311 -.042* -.025* -.008 -.007 .006 4020fx¸:50gt t

(.013) (.007) (.009) (.006) (.006)
322 -.047* -.027 -.009 -.001 -.003 1764

(.013) (.015) (.009) (.007) (.008)
352 -.033* -.021 -.009 .007 .001 1860

(.012) (.011) (.013) (.014) (.010)
381 -.046* -.035* -.008 -.013 .002 2208

(.009) (.010) (.010) (.010) (.009)
iz ´ 1 i 311 -.075* -.027 -.008 -.007 .005 4020t fx¸1:0gt

(.012) (.013) (.008) (.006) (.008)
322 -.071* -.026 -.024 -.002 .009 1764

(.020) (.016) (.011) (.016) (.011)
352 -.036 -.050 -.015 .007 .002 1860

(.033) (.021) (.021) (.015) (.019)
381 -.076 -.043* .001 -.013 -.019 2208

(.034) (.013) (.012) (.013) (.015)
standarderrorsare indicatedin parenthesis

*indicatesthatcoe± cientissigni¯cantly di®erentfrom 0atthe1percentlevel
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Table3:Q uality Im provem entR esultsP P Ki i iy = ® D + ¯ z + ²j ij kt tj k=0 t¡k

Independent N umberof
V ariable ¯ ¯ ¯ ¯ ¯ O bservations0 1 2 3 4
i

iz ´ 1 -.040* 31875fx¸:25gt t

(.002)
-.038* -.024* 31875
(.003) (.002)
-.037* -.023* -.003 29750
(.002) (.002) (.005)
-.039* -.024* -.005 -.001 27625
(.002) (.003) (.003) (.002)
-.038* -.023* -.006 -.002 .005 25500
(.002) (.002) (.003) (.002) (.002)

iz ´ 1 i -.060* 31875fx¸:50gt t

(.004)
-.057* -.035* 31875
(.004) (.003)
-.057* -.032* -.004 29750
(.004) (.003) (.003)
-.060* -.031* -.007 -.004 27625
(.003) (.004) (.003) (.003)
-.061* -.032* -.009* -.004 .003 25500
(.003) (.003) (.003) (.003) (.003)

iz ´ 1 i -.093* 31875t fx¸1:0gt

(.006)
-.093* -.035* 31875
(.005) (.005)
-.092* -.045* -.012* 29750
(.006) (.006) (.004)
-.095* -.046* -.013* -.003 27625
(.006) (.006) (.004) (.004)
-.097* -.044* -.015* -.005 .001 25500
(.007) (.007) (.004) (.005) (.005)

standarderrorsare indicatedin parenthesis
*indicatesthatcoe± cientissigni¯cantly di®erentfrom 0atthe1percentlevel
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